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ARSTRACT

The tests reported here were conducted to determine
the effects produced on the ballistics of a liquid mono-
propellant round by advancingthe point of venting, of the
primer within the propellant column., The tests were,
conducted with two case configurations in which the L/D
ratios of the propellant columns were approximately 3.4
and 5,0. As the point of venting was a'dvanced, muzzle
velocity increased in rounds with, the. L/D ratio of 5.0,"
but decreased in those with the L/D ratio of 3.4. The-
amount of unburned pro-ellant, remaining in the case after
firin- increa-sed in both dase contiguratlons.. In both

cantiguratioans_,, th-e pssure curves were transformed from
cu~ve- wth two- 3isfxt7 presur --peai, -a.through "at Ages,

approximating plateau configurations, to curves with one
wel- def i:ne pre--suIre max-i mun. -- .. ........ - -
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FOREWORD

This is the Second Partial Report dn Task Assignment
NPG-Re5a-3 9-1-53, "Liquid Propellant Guns". Reference (a)
established the task and. authorized the use of funds; under
this task for the development of a liquid propellant round
and the study of erosion cha-racteristics of liquid propel-
lants in, guns. This is, also the Second Partial Re-port on
Task Assignment NPG-Re2d-12-1-53', "Liquid Propellant for
Guns; test and, evaluation of". The object of this tasks
established by reference (b)', waS to develop a- prepcmkaged
hydzAine monopropellant round and test its performance in
automatic f-ire. Since, both- objectAil7v reoquirc. t-he deo--
-meti of m atiatfactory round before either rapid fire or
vrrow~l -fests- ca.be om ute_ -holjeotvivas- ftbwe two~
task, assignments are combined in these tests. The experi-
mental work de-s-cribed: in.. this re port w &cc-omah.
be-tween 1-August 1953 and 14 September 1953.

This- report was reviewed byw.

So E. HEDDENs Acting Head
4ter-n o - l-.ti cms Dlivislon. and. head.
Research and Development Branch
Armament Department

H. S. OVERMAN, Director of Research
Armament Department

L. C. KLINGAMANs Commander, USN
Armament Officer .
Armament, Department

N. A. N4. RIFFOLT, Director of Research

OFEI
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INTRODUCTION

As a result of the research reported in reference (a)I
a hydrasine monopropeflant round was developed by which
service velocity in. the 40m gun could be exceeded by as
ulch as 150,f/s, without exceeding the chamber pressure of
the solid propellant service charge for this guns However,
one charaoterist.4e- of this round was the development of two
pres&sure peaks with the aecond peak often equalling the
first in magnitude. It was observed that the occurrence
of this second maximum was frequently associated with more
Qor 3&ew severe. dam&~~ th muth of the cases The tests JJreported' he're were undertakenh t-o -determine. 11 a-rd: to- -ha4t-
exctent the. ballisticsq of the above round'might be improved
-by- re~ocatUig the polg-t, at -which the prinke- vented& in the

propellant columns In particular, it was of interest t~o-K euethe agnitude~ of t-he, s---o& pra,-re peak.

DESCRIPTION OF MAT19RIAL

All the rounds used in these tests were loaded with
310r grams of' hydr-ine moiieoapropllant, of the. following
composition:

Hydrazine 73.5%
Hydrazine Nitrate 22.6%
Water 3.9%

The two case assemblies, designated C-4 and 0-5,.
produced L/D ratios- of the propellant columns of approxi-
mately 5.0 and 3.4, respectively* A free volume of 1% was
provided in the C-4 assembly and 5% in the C-5. The excess
case volume was occupied by a paraffin beeswax mixture.
This wax was distributed in the cazes as shown in Figure 1
in which the wax is the hatched areas.

Cases were 40mm MNc 2 modified to receive Mk 42 primers.

CONFIDENTIAL I
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Primer tubes were cylindrical brass tubes with I.D.os

of 7/16 in. and 011025 thick burst diaphragms at the ends
of the tubes. The tubes were loaded with 0.2 grams of
ammQnium perchlorate and 36 grains of FFFG black powder.
Lengths of tubes are shown in Figure 1 and tabulated in
Tables i and 2.

Szandard 4.0mm Mk 2 projectiles were used in all rounds.

DESCIPTIONOF TESTEUIPENT,

The firings were conducted in a 40mm Mk A Mod I barrel

moqnqt0 ina. A 6 pp.unee mo-nt Mk. 7 -o-d i.. ThQ barrel and,
th e mount. were modilied to recelve drnami& pressure gauges
in the chamber 310 and 1O00 from the breech face. The
Inotruaent-ation,, iac-ludn ie us-ed. on_ tb.e&' N
tests wa(s deacribed in reference (c).

Th0eEDRE -aM m ingtaPxa: r-w-

cimilaVto that usedin reference (a) except that tempera-

ture up to 102 C and; three or four days evacuation with
the vacuum pump were arequired to expel water during the
preparation of hydrazine nitrate. The adjustment of the-
cas-e volume was also; the same exctept that the filler was"

distributed in the cas-e before the projectile was fitted

and crimped.

The first series of firings comprised the rounds with
the C-4 assembly. These were fired with primer extension
tubes increasing in length from 3" to 6" by one inch incre-
ments. The volume occupied by the wax filler was reduced on
succeeding rounds by the amount of increase in volume of the
-primer tubes as shown in Figure 1. Pressures were recorded
in the gun c1amber at 31' and 10" from the breech face,

The second series of firings comprised rounds with the
C-5 assembly. A group of rounds with primer bubes 41" to
8" long were fired following the same procedure as above.
A second group with tubes 4" to 7" in length was then fired
as a reproducibility check.

CONFIDENTIAL 2
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RESULTS AND: DISCUSSION -

The, effects produced by advancing. the position of
venting, of the primer within the propellant column with the
two different case assemblies may be seen by comparing, the
pres,sure time records reproduiced in Figures 2 through 7, and
by comparing the values for maximum pressure and muzzle
vel-oaities tabulated in Tables 1 and 2. The ejection times;
tabulated in the tables are the times from the occurrence of
the first pressure spike to ejection of' the, projectile..

The Assembly i
t, is "' t-e. - tt, ±i- 1ja1gt~ cnd- Pre-s-sur- pak_

diminished as compared to the first pressure paak as the ,

pntof-- prime-r "rmn-t.In- "aS. Inl-ed' fowrd- Jj;t-
The- end7 6.t the- tube was, torn, off on' fiiting- rbiitid- iw1i th~--
3w primerF, pos-sibly because of the high secondary pressure,
registered by the IWOr* gauge, On the other hand, round 4

'With- the- longo.&t'1 prime-r showed no, secondary p-e-ak pre.assure
on the oscillogram record. Velocities increased slightly
with, increased- nrime.. le-nath exoent for, round 32 hilch gave .
a value only slg-Gly lower than the preceding round. The
velocity in.a'sed from 25,68 to- 2675. f/a for the seres,-
The velocities are somewhat lower than expe-oted throughout
the group. even though freshly prepared propellant was used.
but the primer length effects are, nevertheless, comparable.

TABLE I BALLISTIC DATA, FROM,0-4 ASSEMBLY

Pressure (r')
First Peak Second Peak

Rd. Primer Ejection 3"O 10"0 3'0 I010 Velocity
Noe Lengbh Time (ms) Gauge Gauge g~~ Gag

1 3"10 5.0 33060 32600 38100 41000 2568
2 4t0 4s7 36900 38100 31900 33850 2606
3 5.0 4,2 41650 39870 31175 32900 2594
4 6110 4.0 51175 48850 7- --- 2675

CONFIDENTIAL 3
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- - - - - -~ - - -

The general tendency with the C-5 case assembly$ as
with the C-4, was for the second pressure peak to diminish
in amplitude relative to the first as the point of venting
wa4 adranced in the propellant column. However,,. the drop
in pressure between the". two maxima is ralatively much less*
in this -aeries and olote approxiaations to plateau condi-
tons were obtained on rounds 6. 7, 11 and 12.

A xarked docrease in mussle velocity resvJted in this
**riee as the venting point of the primer was advanced in.
the case. From an average of 3020 f/s on the, two rounds

wibk 41IQ J~mers tiho oci~4-ty droppe Io-l3-,/~ on Ito~ I_
ro,4n4 with the 810 prime r.j

.Z 2_ BLLISTIC DATA FROM - ASSEMBLY

Preaure (psi)
Frs=rt Peak Se"0nd1 Pesk

Rd,. Pr.imr Ejection 0 00 3"'0 10- Veoity

&k 4 4.0 3685-0 34200 491M0 3975U 30ZO,
6 5I- 4.0 46050 3690W 41450 35050 2852
S O: .1 48600r 52450 43050 --- 2750
8 7"0 4.1 44600, 40200 42250 --- 2389 A

e 810 4.4 .43500, 30200,. 28100 16850 2173
10 410. .o 43500 39600 54550 48685 3001
11 510, q.9 51100 51800 41650 42395 2867
12 60 4.0 42150 43300 45520 42550 2752
13 7W:0- 4.2 45200 47050 43300 46650 2484

General

In comparing the results rrom the two case assemblies,
it is to be noted that the second pressure peak can be
eliminated and an essentially plateau type pressure curve.
produced by proper location of the venting point of the
primer in the propellant column. However, the amount'of
unburned propellant remaining in the case is increased as
venting is advanced. This condition would be particularly
undesirable under rapid fire conditions. In the C-5 assem-
bly, advancing the point of venting results in a marked

CONFIDENTIAL 4
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reduction in the velocity obtained with this; assembly.
Thus# while advancing the point at which the primer vents
in the propellant column improves the ballistics of- the,
round in some respects, it has detrimental. effects in
others. The C-5 assembly with venting of the primer near
the base of the propellant column is the most satisfactory
of the rounds tested, with respect to velocity, obtained,
shape of prewsure curves, and amount, of propellant util~ied1.[

CONCLUSIONS-

From the f r_4 as 1f Vbs t-s t concluedtt.i
advancing the point of venting of, the primer within the
propellant -aolmn- producea the. following effects_,:

propellant column L/D ratio of 5-.0. but is decreas ed in
round d!th-a ratio- of 3-.

be.. The amou-nt, of' unhured propellant. rem-ining, in the,
case after firing increases in both case configurations.9
Negligible amo.unts of. propellant were o.0served in. cases of i
either configuration in Which the primers vented near- the.
base of th-a propellant column.

C. In both case configurations, the pressure curves
were transformed from curves with two distinct pressure
peaks, through stages approximating plateau configurationsa,
to curves with one well defined pressure maximum.

REFERENCES

Sa) BUORD ltr NP9-Re5a-FWB:fl of 15 Jul 1952
b) BUORD Conf ltr NP9-Re2d-WES:aph Ser 49271

of 17 Dec 1952
(c) NPG Conf Report No. 1200 of 13 Nov 1953
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Subject: Ignition of Liquid Propellant in the 40mm Gun
by G. Lo Poudrier' arnd K. H. Crutchfield9, Armament
Department, U. So Naval Proving Ground,, Dahigreri
Virginia 15 June 1954

ABSTRACT

The tests reported here were conducted to determine
the effects produced on the ballistics. of a- liquid mono-
propellant round by advancing the point of venting of the
primer withi~n the propellant column. The tests were
onadueta-d with- two caaa- configurations- in which ttihe L/D
ratios of the propellant columns were approximately 3.44
and 5.0-* As the ponut. of venting. was advancedg. musJle
velocity increased in rounds with the L/D ra-tio-of 5.0,S
but decreased in those wlith the L/D ratio of 3,4, The-

I ~ amount of unburned propellant remaining in the case after
firing Jnereased in both case config.amt-Ion-a. In bothL
configurations, the press-ure curves were tranaformed from
--urve 4t~htwo- d-sic prssrepak-s.9 throna stages
approximating ' teau configurations, to curves- with one
well defined presuir Axmm
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